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 d
 
pi
tc
h 
an
d 
yw
). 
W
it
h 
th
e 
re
la
tiv
el
y 
s
la
. 
th
ir
d 
o
rd
er
 Q
nu
fo
 us
ed
, 
Ei
er
ge
m
n 
fo
m
d 
th
at
 t
he
 a
dd
iti
on
 o
f m
ti
m
 cu
es
 t
o
 th
e 
v
is
ua
l 
cu
es
 m
du
ce
d 
e
rr
o
r 
s
c
o
rn
 f
or
 th
e 
dw
l-a
xi
s 
ta
sk
, 
bu
t n
o
t 
fo
r 
th
e 
si
ng
le
-a
xi
s 
ta
sk
. 
In
 
o
th
er
 w
or
ds
 m
ti
on
 cu
es
 w
er
e 
iq
m
rt
an
t 
fo
r 
th
a 
hi
gh
er
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or
klo
ad
, 
du
al
-a
xi
s 
U
.
 bu
t n
o
t 
fo
r 
th
e 
lo
ne
r b
m
rk
lo
ad
. 
si
ng
le
-a
xi
s 
ta
sk
. 
Fu
rth
em
om
. 
Bc
ty
em
n 
fo
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d 
n
o 
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ffe
m
ce
 in
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rr
o
r 
sc
or
es
 f
or
 b
l-
a
xi
s 
tr
ac
ki
ng
 
(p
itc
h 
an
d 
ym
) 
&
 
th
 
q
li
tu
h
 o
f 
th
e 
s
ia
ul
at
or
 m
ti
on
 w
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sc
a
le
d 
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 f
ac
to
r, 
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 s
w
ll
 a
s 
on
e 
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+t
h.
 
R
ua
al
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 r
e
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te
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to
 th
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e
ff
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t 
o
f m
ti
on
 sy
ste
m
 c
o
n
fig
ur
at
io
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n 
s
iu
la
ti
on
s 
w
as
 
pe
rf
on
td
 by
 R
in
gla
nd
, 
e
t. 
a
l. 
(r
ef
er
wc
 1
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Me
 r
a
n
ke
d 
s
iu
la
to
r m
o
tio
n 
c
o
n
di
tio
m
 i
n
 th
e 
o
rd
er
 o
f t
he
ir
 a
dv
er
se
 e
ff
ec
t 
u
p
m
 p
il
ot
 p
rf
or
m
nc
e 
(be
gln
- 
n
in
g 
w
it
h 
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e 
le
as
t a
dv
er
se
) a
s 
(1
) a
n
gu
la
r m
tio
n,
 (
2) 
a
n
gu
la
r 
pl
us
 l
in
ea
r 
m
ti
on
 a
nd
 (3
) 
no
 
m
o
tio
n 
(fix
cd
-ba
se
). 
M
ll
e
r 
an
d 
R
ile
y 
(re
fer
en
ce
 1
2).
 I
nv
es
tig
at
in
g 
a
 fo
ur
 d
eg
m
-o
f-f
re
ed
om
 
tra
ck
- 
in
g 
ta
sk
 a
nd
 u
si
ng
 e
rr
o
r 
s
c
o
rn
, 
sh
ow
ed
 t
ha
t 
in
cr
ea
si
ng
 th
e 
ta
sk
 d
iff
ic
u
lty
 
dK
m
as
ed
 th
e 
a
o
m
t 
o
f 
a
cc
e
pt
ab
le
 d
el
ay
. 
W
ith
 c
o
ql
et
e 
m
ti
on
 cu
es
, 
th
e 
pi
lo
t c
o
u
ld
 t
ol
er
at
e 
lo
ng
er
 d
ea
d 
ti
- 
&l
ay
s 
in
 th
e 
dy
nm
ic
s 
th
an
 w
ith
 a
 
lid
ta
d
 m
u
n
t 
o
f 
a
ti
on
..
 
Th
is
 i
s
 m
s
o
n
&
le
. 
as
 
a
 d
ea
d 
t
lr
 de
la
y 
ca
n 
be
 
v
ie
d
 as
 
a
 p
ha
se
 l
ag
 w
hi
ch
 i
nc
re
as
es
 w
ith
 f
re
qu
nc
y.
 
Th
us
 i
nc
re
as
ed
 t
ia
 
L
la
y 
re
qu
!m
 t
he
 p
il
ot
 t
o 
ge
m
ra
te
 a
m
 le
ad
. 
w
hl
ch
 m
ti
on
 c
u
a
 f
ac
ili
ta
te
. 
In
 s
m
y
.
 m
~
lr
h
 to
 d
at
e 
in
di
ca
te
s 
th
at
 p
ilo
te
d 
a
ir
cr
af
t 
s
iw
la
tl
on
s 
ca
r. 
be
 u
se
d 
fa
r 
tr
ai
ni
nq
 a
nd
 t
o
 o
bt
ai
n 
v
a
lid
 d
rt
a 
fo
r 
us
e 
in
 th
e 
h
w
lo
p
cn
t o
f 
a
ir
cr
af
t 
an
d 
a
lr
cr
af
t 
sy
ste
m
s. 
Ad
di
tio
na
lly
. 
u
rd
er
 r
~
q
y
 fl
ig
ht
 d
it
io
n
s
. 
lo
ti
a
 c
ua
s 
a
re
 d
d
 
to
 p
ro
du
ce
 a
 v
a
lid
 s
lm
la
tio
n.
 
Co
ns
qu
en
tly
, 
n
u
-
 
si
m
ul
at
io
n 
fa
ci
lit
ie
s 
ha
m
 t
he
 c
a
pr
bi
iiv
 f
or
 p
ro
du
cin
g 
m
o
tio
n 
cu
es
. 
Be
ca
us
e 
o
f 
th
e 
m
la
ti
ve
ly
 la
rg
e 
m
as
s 
to
 b
e 
m
ov
ed
, 
th
e 
fre
qu
en
cy
 r
es
po
ns
e 
o
f 
m
t 
m
o
tio
n 
sy
st
sm
 d
ro
ps
 o
ff
 I
n
 th
e 
v
ic
in
it
y 
o
f 6
 r
a
Qs
ec
. 
.
in
 c
o
n
tr
as
t 
to
 th
e 
v
is
ua
l 
cu
es
 
w
hi
ch
 u
su
a
lly
 h
av
e 
a
 f
m
qu
m
cy
 n
rs
go
m
e 
w
hi
ch
 i
s
 f
la
t 
pa
st
 20
 
ra
U
se
c.
 
Th
is
 
p.
pr
 
re
po
rts
 o
n 
an
 e
qe
ri
lc
nt
 d
e
si
~
~
e
d
 
to
 i
nw
cs
tig
at
e 
th
e 
e
ffe
ct
s 
o
f 
s
u
d~
 a 
ds
w
tc
h 
be
tw
ea
n 
th
e 
v
is
ua
l 
an
d 
m
ti
on
 c
u
e
in
g 
s
ys
ta
a.
 
Fi
gu
re
 2
 $
ha
6 
th
e 
ro
pc
m
rt
oi
y 
ro
ll
 tr
ac
ki
ng
 t8
sk
 u
se
d 
fa
r 
th
. 
e
x
pe
ri
m
t. 
Th
e 
pi
lo
ts
 w
er
e 
rb
le
 t
o 
pe
rc
ei
ve
 t
hc
 r
o
ll
 e
rr
o
r 
th
ro
ug
h 
8 
v
is
ua
l 
an
d 
8 
u
o
ti
a
~
 
s
iu
la
to
r,
 m
d 
wa
re
 r
eq
ue
st
ed
 to
 m
a
in
ta
in
 le
ve
l f
ll
gh
t 
in
 th
e 
pm
m
nw
 o
f 
tu
rb
ul
en
ce
 d
ur
ln
g 
ea
ch
 r
un
. 
In
 ot
he
r w
or
ds
, 
w
hi
le
 s
it
ti
ng
 in
 th
e 
c
lo
d
 
m
ti
on
 s
iu
la
to
r 
w
it
h 
a
 T
V 
pi
ct
ur
e 
in
 fr
on
t o
f t
hs
ll
, 
th
e 
pi
lo
ts
 a
t- 
to
 k
ee
p 
th
e 
ca
b 
an
d 
th
e 
TV
 p
fc
tu
re
 a
t 
a 
ze
ro
 d
eg
m
es
 r
o
ll
 n
gl
e.
 
Pe
rfe
ct
 
pe
rf
om
m
a 
r
s
 n
o
t p
os
si
bl
e 
be
ca
us
e 
o
f 
tu
rb
ul
en
ce
. 
Th
e 
dy
na
m
ics
 o
f t
he
 v
is
ua
l 
an
d 
m
o
tio
n 
s
iu
la
to
n
 rr
n
r 
n
o
t 
id
en
tic
al
, 
pm
dw
ln
g 
a
 s
lig
ht
 d
sa
at
d~
 be
tw
ee
n 
th
e 
in
fo
rm
tie
m
 p
re
se
nt
ed
 t
o 
th
e 
pi
lo
t t
hr
ol
lg
b 
th
es
e 
*.
: 
4
' 
tw
o 
di
sp
la
ys
 o
f 
ro
ll
 e
rr
o
r.
 
In
 o
rd
er
 t
o
 m
.r
u
rt
 t
he
 e
ffe
ct
s 
o
f s
vc
b 
r 
.
fm
tc
h
 
1 
'
 
(o
r c
o
n
fli
ct
 o
f c
us
s) 
on
 p
il
ot
 p
er
fo
rr
m
r.
 t
he
 v
is
ua
l 
u
d 
m
ti
on
 M
a
 
w
em
 
sm
.a
m
a
tic
al
ly
 c
o
rp
cn
sa
te
d 
o
r 
de
gr
ad
ed
 (s
ee
 F
ig
ur
e 
2) 
to
 c
m
t
t
 f
ov
r 
di
sp
lw
 
c
o
lb
in
at
ia
u 
(s
ee
 F
ig
ur
e 
3):
 
r 
Ca
se
 A
 -
 
n
o
m
l 
v
is
ua
l 
m
d
 lo
ti
on
 d
lsp
l8
ys
, 
co
n
se
qu
en
tly
 a
 
a
n
fl
ic
t o
f 
cu
es
 
r 
Ca
se
 B
 -
 
v
is
ua
l 
di
sp
lw
 &
gr
ad
ed
 t
o 
v
tc
A
 th
e 
m
tl
on
 d
ls
pl
g,
 n
o 
c
o
n
fli
ct
 o
f C
UE
S 
r 
Ca
se
 C
 -
 
m
o
tio
n 
dl
sp
lw
 c
o
rp
an
sr
te
d 
to
 
m
e 
v
is
ua
l 
di
sp
la
y.
 
m
 
c
o
n
fli
ct
 o
f c
ue
s 
r 
Ca
se
 0
 -
 
v
is
ua
l 
di
sp
la
y 
(
r
 
to
 m
to
 u
rc
a
pc
rr
at
d 
lo
ti
on
 d
is
pl
g.
 
m
d 
m
tlo
n 
di
sp
la
y 
w
a
h
d
 to
 m
tc
h 
u
n
de
gr
ah
d 
rl
su
al
 d
ts
pl
8y
. 
plr
Dd
uc
ing
 a
 s
lig
ht
 c
o
n
fli
ct
 o
f c
ue
s 
(o
pp
or
lte
 o
f C
as
e 
A) 
Th
e 
w
a
m
ia 
sh
am
 i
n
 F
lg
ur
e 
3 
a
m
 d
isc
us
se
d 
la
te
r 
in
 th
e 
pr
pa
r 
&
r 
O
ac
rlP
- 
tia
r 
o
f E
qu
ip
an
t. 
Tt
m
 d
iff
er
an
t 
a
ir
cr
af
t 
ro
ll
 m
a
 
w
en
 u
se
d 
M
n
g
 th
e 
e
a
pe
rir
at
. 
m
d 
t
h
~
 
&t
a 
a
n
a
lyz
ed
 s
e
pa
ra
te
ly.
 
Th
e 
Q
nr
lc
s.
 d
es
cr
ib
ed
 i
n
 th
e 
ne
xt
 s
e
ct
io
n.
 w
er
e 
ty
pi
ca
l o
f a
d
iu
 tr
ln
rp
or
t 
a
irc
ra
ft.
 
Du
rin
g 
th
e 
nm
s 
th
e 
m
ll
 e
rr
o
r 
n
d
 pi
lo
t c
o
n
tr
ol
 o
u
tp
ut
 w
er
e 
s
r
q
ld
 em
ry
 
.
05
 s
e
w
n
&.
 
Th
es
e 
da
ta
 w
ar
e 
us
ed
 t
o 
a
lc
u
lr
tr
 p
il
ot
 q
m
i-
lin
ea
r 
b
a
rr
lb
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An
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m
litu
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R
at
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R
ol
l 
F
qu
m
cy
 R
es
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e o
f 
th
e 
5.
01
 M
ot
io
n 
S
lu
la
to
r 
an
d 
th
e 
Vi
su
al
 '
llg
ht
 
A
tt
a
&
m
t 
(VF
A) 
Us
ed
 f
or
 t
he
 E
xp
cr
im
t.
 
*
re
 
+, 
is
 th
e 
ro
ll
 m
gl
e 
o
f 
th
e 
v
is
ua
l 
s
iu
la
to
r,
 d
 I
s
 t
hc
 r
o
ll
 r
o
la
nd
. 
m
d
 s 
is
 tk
e 
La
pl
ac
t o
pe
ra
to
r. 
Th
e 
m
ea
su
re
d 
.
q
lit
u
d
r 
n
ti
oc
, a
nd
 p
ha
se
s 
fo
r 
th
e 
no
-1
 
an
d 
de
gr
ad
ed
 v
is
ua
l 
di
sp
la
ys
 a
re
 s
!m
m
 i
n
 T
d
le
 I
. 
R
D
ll 
u
ls
 c
m
n
d
s
 r
e
re
 m
a&
 
by
 r
u
e
 o
f 
la
te
ra
l m
v
a
a
n
ts
 o
f 
th
e 
s
pr
in
q-
 
lo
de
? p
en
ci
l 
c
o
n
tr
ol
 s
tic
k.
 
Ih
c 
u
riu
 a
lla
,*
le
 
s
ti
ck
 m
v
lm
t u
a
s 
?a
*.
 
Th
e 
c
o
n
tr
ol
le
r 
w
as
 
m
rn
te
d 
on
 r
 r
ta
l b
ox
 a
nd
 c
on
nt
ct
ad
 t
o 
a
n
a
lo
g 
s
lp
ru
i 
lin
es
 b
y 
m
s
 
o
f 
a
 f
le
xi
bl
e 
ca
bl
e.
 
Th
e 
p
il
o
t h
ad
 t
he
 o
pt
io
n 
o
f 
ch
oo
si
ng
 
e
ith
er
 h
is
 l
e
ft
 s
r 
ri
gh
t 
ha
nd
 t
o 
o
pe
ra
te
 t
he
 c
a
rt
ro
lle
r.
 
Th
e 
co
rp
ut
er
s 
us
ed
 t
o
 i
lp
le
m
nt
 th
e 
s
tr
ia
tio
n
 w
er
e 
a
 M
u
-s
iz
e
 d
ig
ita
l 
an
d 
a
 r
dl
u-
si
ze
d 
m
a
lo
g 
c
w
u
te
r.
 
Th
c 
di
gi
ta
l c
c
rp
ut
er
 *
u
s
 
eq
ui
pp
ed
 w
ith
 
64
K 
o
f 
co
re
 r
r
o
r
y.
 
Th
e 
a
n
a
lo
g 
c
rp
ut
er
ua
s 
th
e 
in
te
rf
ac
e 
k
b
rc
n
 th
c 
di
gi
ta
l 
c-
u
te
r 
a
d
 th
c 
m
a
lo
g 
e
qu
lp
en
t. 
Th
c 
o
n
ly
 a
n
a
lo
g 
c
a
pa
rn
ts
 o
f 
th
e 
s
ys
ta
 
w
er
e 
th
e 
ds
ua
? 
an
d 
m
ti
rr
 s
iu
la
to
n
, 
th
e 
p
il
o
t 
m
d
 th
e 
st+
%
 
c
o
n
tr
ol
le
r.
 
A
ll
 o
th
er
 c
o
lp
m
en
ts
 w
er
e 
il
p
la
n
te
d
 as
 p
ar
t o
f 
th
e 
di
gi
ta
l c
o
qu
te
r 
pr
os
tg
l. 
Th
e 
e
x
p
e
ri
~
n
ta
l rh
je
ct
s 
w
er
e 
a1
1 
c
o
~
c
rc
ia
l ai
rc
ra
ft
 p
ilo
ts
 u
lth
 2
,0
00
 t
o 
10
.13
0 
ho
ur
s 
o
f 
fl
ig
ht
 t
ld
. 
Th
ei
r 
e
x
pe
ri
s.
il 
in
cl
ud
ed
 s
in
gl
e 
n
d
 w
lt
i-
 
e
n
gi
ne
 p
ro
pe
lle
r 
a
ir
cr
af
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 s
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gl
e 
m
d 
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ti
-e
n
gl
ne
 je
t a
ir
cr
af
t,
 a
nd
 p
c
c
p
te
n
. 
A1
1 
ha
d 
ex
pe
rie
nc
e 
w
ith
 m
d 
re
re
 c
u
m
tl
y
 q
ua
lif
ie
d 
to
 f
ly
 o
ne
 o
r 
m
re
 t
ra
ns
- 
po
rt
 a
irc
ra
ft.
 
E
la
t 
pi
lo
t-
 p
ar
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:o
ot
ed
 I
n
 th
e 
e
lr
pc
ri
rn
t:
 
fi
ve
 fl
ew
 b
ot
h 
dy
nb
cs
 1
 m
d
 2
. 
tw
o 
fle
w
 o
n
ly
 t
&u
rrf
cs
 
1,
 m
d
 on
e 
fl
n
 o
n
ly
 m
a
 
2.
 
On
ce
 s
e
a
te
d 
in
 th
e 
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os
ed
 c
o
c
kp
it 
o
f 
th
e 
a
ti
m
 s
lu
la
to
r.
 w
it
h 
th
e 
Tl
l v
is
ua
l 
di
sp
la
y 
in
 fr
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t 
o
f 
hi
#,
 
th
e 
pi
lo
t's
 h
sk
 u
s
 t
o
 m
a
in
ta
in
 z
e
ro
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gr
ea
 r
o
ll
 
w
rg
le
 i
n
 th
e 
pr
rs
en
a 
o
f 
th
e 
s
u
-o
f-
sl
m
 
di
st
ut
hn
a.
 
T
br
e 
w
a
 a
 t
cn
-s
ec
on
d 
tn
m
i ti
on
 p
ha
se
 a
t 
th
e 
be
gi
nn
in
g 
o
f 
ea
ch
 a
n
 t
o 
gr
ad
ua
lly
 i
nt
ro
du
ce
 t
ht
 
dl
st
ur
bo
nu
 
m
d 
m
in
ld
ze
 t
ra
ns
ie
nt
 e
ffe
ct
s 
on
 
th
e 
p
il
o
t 
an
d 
s
iu
la
tf
o
n
 e
qu
ip
- 
.
 
In
 a
dd
iti
on
, 
a
 f
ift
ee
n-
se
co
nd
 
w
a
m
p 
pe
rlo
d 
fo
ll
a
d
 ~
JK
 tn
n
sl
ti
o
n
 
,
 
ie
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Th
e 
w
nn
up
 p
er
io
d 
a
ll
o
n
d 
lo
ng
er
 t
ra
ns
ie
nt
s 
to
 d
ie
 w
t 
m
d 
th
e 
p
il
o
t 
to
 k
c
a
 r
c
u
s
ta
d
 to
 th
e 
ta
sk
. 
Th
e 
w
a
rm
q 
pe
rio
d 
w
as
 
th
en
 f
o
l
l
d
 by
 1
08
 
se
co
nd
s 
o
f 
s
lu
lr
tl
o
n
 ~
t
l
r
 
du
rin
g 
d
lc
h
 c
kt
a 
w
er
e 
ta
ke
n.
 
Tb
e 
tr
an
si
tio
n 
@
ar
e. 
w
a
v
 pe
rio
d 
an
d 
da
ta
-ta
ki
ng
 p
er
io
d 
c
o
m
c
itu
te
d 
on
e 
ru
n
. 
Ea
ch
 p
il
ot
 w
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a
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ig
ne
d 
a
 p
ar
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ul
ar
 d
is
pl
ay
 c
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e 
se
qu
en
ce
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an
d 
th
e 
o
rd
er
 
o
f 
pr
es
en
ta
tio
n 
fo
r 
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e 
su
bje
ct 
w
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nc
ed
 b
y 
th
e 
re
ve
rs
e
 o
rd
er
 o
f 
a
n
o
th
er
 
s
a
je
ct
 to
 e
lim
in
at
e 
po
ss
ib
le
 le
ar
ni
ng
 e
ffe
ct
s.
 
D
ur
in
g 
tr
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ni
ng
 e
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h 
s
b
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ct
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s 
pr
es
en
te
d 
w
it
h 
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s 
fi
rs
t 
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la
y 
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se
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an
d 
w
o
u
ld
 r
e
pe
at
 r
u
n
s 
fo
r 
th
at
 
ca
se
 u
n
ti
l 
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s 
e
rr
o
r 
sc
o
re
s 
re
m
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ne
d 
n
e
a
rly
 c
o
n
st
an
t 
an
d 
ad
 m
re
 th
an
 t
hr
ee
 
da
ta
 p
oi
nt
s 
w
er
e 
re
jec
ted
. 
Th
e 
tr
ai
ni
ng
 th
en
 c
o
n
tin
ue
d 
w
it
h 
th
e 
n
e
x
t 
di
s-
 
pl
ay
 c
as
e.
 
Da
ta
 p
oi
nt
s 
w
er
e 
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je
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ed
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f 
th
e 
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on
se
 p
ar
er
 a
t 
th
e 
di
st
ur
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e 
fre
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cy
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ss
 th
an
 f
ou
r 
tim
es
 t
he
 p
a
w
 o
f 
th
e 
o
u
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ut
 r
es
po
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e 
a
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